In this study, a laser-induced auto-fluorescence (LIAF) system combined with the artificial neural network (ANN) algorithm is developed for early detection of human upper gastrointestinal tract carcinoma in vivo, through investigating the LIAF spectrum characteristics of the normal mucosa layer and the changes concerning an abnormal surface. Of the 44 participating patients, 41 underwent biopsy at the abnormal surface area at endoscopy. The ANN is employed to differentiate the LIAF data obtained from the normal and carcinoma patients (according to biopsy pathology diagnosis). The LIAF spectrum between 500 and 700 nm is selected and normalized. One data point is selected every 10 nm. A feed-forward back-propagation network with 2 hidden layers is constructed and trained. To evaluate the performance of ANN, 10 normal and 10 carcinoma data sets are tested with the trained ANN. 100% of the carcinoma data are very close to − 1 (desired), 80% of the normal surface is very close to 1 (desired), and 20% return values around − 0.28. Previous works on this type of ANN suggested a threshold of − 0.5. As a result, all normal data are successful and the carcinoma cases are accurately classified and diagnosed. In conclusion, the LIAF technology combined with ANN diagnosis is more accurate.
According to the WHO report, cancer is a leading cause of death worldwide, accounting for 8.8 million deaths in 2015. Within all of the cancers, stomach cancer (754,000 deaths) is the fourth most common cause of cancer mortality. Most of them occur in low-income countries [1] . How to identify the early stage of the gastrointestinal (GI) tract carcinoma and help these patients to have better treatment and better quality of life is still a big challenge worldwide. The laser-induced auto-fluorescence (LIAF) technology has been developed for a few decades for clinical applications [2] [3] [4] [5] . In this study, the LIAF technology is used for early identification of human upper GI tract carcinoma. It is a pilot signal endoscopy center study. The aim is to investigate the LIAF spectrum characteristics of the upper GI tract normal mucosa layer and the changes of the spectrum in correlation with the abnormal surface.
Methods
An LIAF spectrum measurement system is built up separately. It consists of a spectrometer (Ocean Optics QEPRO-BUNDLE-FL, preconfigured spectrometer for fluorescence. The spectroscopic range is 350-1000 nm), a 405 nm continuous wave solid laser source (the output power is controlled at 0-20 mW with continuously sweeping), and a Y shape fiber optical bundle with 7 individual fiber optics altogether with the maximum diameter being 2.8 mm, which transmits the laser to the detection area (the maximum output power when coupling to the optical fiber is <0.5 mW) through the operation channel of the endoscope, collects the LIAF spectrum signal, and transmits them to the spectrometer. A personal computer is used to operate the laser source and the LIAF spectrum signal acquisition as well as the raw data storage.
From March to July 2018, 44 patients attended the regular upper GI endoscopy examination at the endoscopy center of the Haikou People's Hospital, Hainan Province, China, who signed the consent to participate in this study. All clinical endoscopy procedures and experimental designs for LIAF followed the preferred reporting of case series in surgery (PROCESS) guidelines which were published by Agha et al in 2018 [6] . Forty-one of 44 patients underwent the biopsy at the position of the abnormal surface during the endoscope procedure. The LIAF spectra were taken at the normal surface of the mucosa as well as the abnormal surface before the biopsy was taken. From both the normal and abnormal surface, the LIAF spectrum signals were recorded and analyzed. Some of the data were used for the artificial neural network (ANN) mathematical model training. The rest was used to fit the outcome from the model. The characterized LIAF 
Results
More than 2000 LIAF spectra were recorded from 44 patients in this study. Every patient had symptoms and signs. The clinical diagnosis for their disease was not necessarily the same as the pathology diagnosis made on the biopsy histology according to the biopsy pathologic microscopy results from the laboratory. Pathologic diagnosis is the Gold standard for cancer diagnosis in clinical practices at the moment. However, the patient has to wait for a long time after the biopsy sample is sent to the Pathology department. In our department, it may take > 2 weeks for the final histology report. In this study, 17 of 44 were female individuals (38.6%) and 27 were male individuals (61.4%). The mean age for the female patients was 51.1 years old (minimum 34 y old, and maximum 77 y old), whereas for the male patients, the mean age was 60.2 years old (minimum 26 y old, and maximum 82 y old). There were 4 patients (3 female, 1 male) without clinical diagnosis records and 3 patients (all male) without biopsy taken during the endoscopy. Within the clinical diagnoses, 6 patients were diagnosed with cancer. One of them was the esophageal cancer postoperative under chemotherapy 10 years followup; 1 was the esophageal cancer postoperative check-up and 1 was just the esophageal cancer. All of them were male. Two females were stomach xanthelasma and lymphoma, respectively. One gastric ulcer suspicion of cancer was male. Others were 8 polyps (5 female individuals and 3 male individuals); 5 stomach erosion (2 female individuals and 3 male individuals); 14 ulcers (1 duodenal male, 1 gastric antral ulcer male, 2 gastric ulcer angular female, and 10 gastric ulcers with 2 female and 8 male). There were 4 gastritis (1 chronic uplift female and 3 erosive male) and 2 normal gastric mucosa males and 1 duodenal bulb inflammation male. Within the pathology diagnosis, also 6 confirmed cases were carcinoma. But 3 of them were different cases with clinical diagnosis. There was a 50% of differentiation rate in between. The ratio would increase if we followed the pathology diagnosis as a gold standard diagnosis. The clinical diagnosis error was 83.3% (5/6). Table 1 below listed all participated patients' results for comparing the clinical diagnosis with the pathology diagnostic errors.
ANN is employed in this research to differentiate the LIAF spectrum signals obtained from the normal and carcinoma patients (according to biopsy pathology diagnosis report identification) with machine learning and artificial intelligence. The spectrum data between 500 and 700 nm are selected and normalized to the range between 0 and 1. One data point is picked up for every 10 nm in the wavelength, which results in the dimension of a feature vector to be 21. The sample feature vectors extracted from signals corresponding to normal and carcinoma patients are shown in Figure 1 , and all the 100 feature vectors used for ANN training and testing are provided in the Appendix. A feed-forward back-propagation network with 2 hidden layers of 5 and 1 artificial neurons respectively is constructed, and then trained with 80 feature vectors (40 from normal patients and 40 from carcinoma patients). The desired output value for normal data is set to 1, and the desired output for carcinoma data is set to − 1. For the structure and more in-depth discussion of ANN and machine learning, the readers may refer to the literature [7] [8] [9] [10] and the references therein. To verify the feasibility of the technique and to evaluate the performance of the ANN, 20 testing feature vectors (10 from normal patients and 10 from carcinoma patients) are inputted to the trained network one by one. The testing results are shown in Figure 2 . It can be seen from the figure, all the 10 output values corresponding to carcinoma data are very close to − 1 (the desired output), 8 of 10 outputs corresponding to normal data are very close to the desired value 1, and 2 outputs get values around − 0.28. The threshold between normal and carcinoma classes is a control parameter and must be tweaked and finetuned with trails and errors. If the threshold is set to 0 (exactly the middle point between − 1 and 1), the successful rate for normal data would be 80%. But some previous studies have suggested a threshold of − 0.5, in this case, the successful rate for normal data would be 100%. Note that the successful rate for carcinoma data is always 100%, which means that all the 10 carcinoma data have been accurately classified and diagnosed.
Comparing with other diagnosis technology and computational methods, the proposed method pairing the ANN algorithm with the LIAF spectrum offers a range of benefits and advantages at both the computational and medical levels. The diagnosis can be performed in real time, since once the neural network is well trained, the extra computational cost of ANN testing is low and minimal, which makes the technology suitable for daily diagnosis and examination at a clinical setup. The ANN training could be slow and time consuming if the training data set is large, however, the training can be performed off-line and for example, in the evening when the diagnosis is not required or using another more powerful workstation. Once the ANN training is complete, the ANN configurations and parameters can be uploaded to the LIAF system. In addition, ANN is a blind machine learning technique, which means that the knowledge about the data or the model is not mandatory in the training and testing process, in order to interpret the data. Once the system is setup, a medical doctor without advanced computing and programming skills could perform the diagnosis without any difficulties. In addition, with more and more data sets from the normal and carcinoma patients being collected and involved in the ANN training, the network is potentially becoming more and more mature and the system is supposed to be smart and adaptive to take into account of all the information available, and eventually the diagnosis and examination based on ANN-LIAF will be more accurate.
Conclusions
Six patients with histologically confirmed carcinoma have been used for the ANN studies. All of them were confirmed by our ANN algorithm. The normal mucosa LIAF spectrum was also fit into the hypothesis within the ANN testing, and the results were all confirmed for normal. This pilot study has demonstrated that the LIAF spectrum together with the ANN algorithm for upper GI tract carcinoma diagnosis is superior to the regular traditional endoscope which is under the white light. As mentioned above, the traditional endoscopy procedure necessitates that the doctors need to be skilled endoscopists to identify the type of disease from the screen images. The final diagnosis results depend on the physician's personal experience. Human errors and other mistakes may lead to false diagnoses. This may explain why the clinical diagnosis and the pathology result may not match exactly. In this study, all the ANN results are consistent with the pathology gold standard diagnoses. It can clearly and accurately identify the carcinoma areas noninvasively and in vivo. There is still improvement to be made in this study; for example, the number of patient participants is quite small. We need more patients to further confirm our hypothesis. And we will modify and upgrade our LIAF spectrum system, and add in the ANN algorithm methodology to build an assistant tool for clinical endoscopy procedure practice. It will benefit the patients who are able to obtain their checkup results accurately and more expeditiously with a "light biopsy" and the help of artificial intelligence during their endoscopy. More results will be reported in future studies.
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